This experiment investigated the effectiveness of four conflict situations in inducing stomach lesions in rats. The four conflict situations differed in that shock was made contingent to responses which varied in their temporal proximity to the consummatory response. Using an operant leverpressing response, rewarded by food on a VI 2-minute schedule, grid shock was presented either: (a) after a nonrewarded lever response, (b) after a response which produced a food pellet, (c) after the rat collected the food pellet, or (d) while the rat was eating the pellet reward. Animals shocked while eating the food reward demonstrated the highest incidence of stomach lesions, whereas animals shocked while performing the barpressing operant response did not differ from controls in incidence of ulcer.
pressing response was reinforced with liquid food, but also randomly paired with grid shock on 10% of the food-delivery events. Another widely used experimental conflict technic (3) has successfully produced a high incidence of stomach lesions in the rat. This technic requires that the experimental animal stand on an electrified floor grid in order to have access to food and water dispensers. Seventy-six percent of the animals exposed to this conflict situation by Sawrey, Conger and Turrell (4) had stomach ulcers. In an earlier study (5), the author trained rats in a long rectangular cage to press a lever at one end of the cage for a water reward. The next water reward was obtained by pressing another lever at the opposite end of the cage. During the testing period, the middlethird floor section was electrified; therefore, rats had continuously to cross the active grid in order to reach a lever and water. This conflict situation failed to produce ulcers in any of the experimental animals. whereas others failed. Apparently conflict, as generally considered, does not possess a unitary effect on gastrointestinal function; one solution to the inconsistencies of the conflict-ulcer literature must partly reside in the differences between the various conflict technics. One possible consideration is an evaluation of the temporal relationship between punishment and reward in the conflict paradigm. For example, in the highly ulcerogenic Sawrey-Weisz technic'(3), the animal is shocked while eating or drinking; punishment and reward are contiguous. In the unsuccessful Pare study (5), shock occurred before the animal made the instrumental lever-pressing response; punishment occurred early in the behavioral responsechain which culminated in the consummatory response.
The hypothesis explored in the present study was that the magnitude of gastrointestinal lesions resulting from exposure to conflict would be directly related to the proximity between the time when the noxious event occurs and the onset of the consummatory response. Thus, if shock were programmed to occur early in the instrumental sequence, the incidence of ulcer would be slight, but if shock was presented immediately before, or during, the consummatory response, the incidence of ulcer would be high.
If a hungry rat is placed in a food-reinforced operant situation, it must demonstrate only one sequence of responses which will lead to the biologically relevant response of eating. For programming purposes, we can distinguish between a number of discrete sequential response events leading to the consummatory response. With a partial reinforcement schedule, these responses are: (a) touching the lever, (b) pressing the lever, (c) pressing the lever again, resulting in a food-pellet delivery, (d) entering the food hopper and collecting the food pellet, and (e) eating the food pellet. Responses b, c, d and e are illustrated in Fig 1A, IB, 1C and ID, respectively. According to my hypothesis, conflict should have a greater effect on gastrointestinal lesions, as shock is made contingent to a response which is sequentially closer to the consummatory response.
Most conflict-induced ulcers have occurred predominantly in the nonacid-secreting rumen of the stomach (3, 4, 6-8). However, Moot et al (1) reported that the majority of ulcers produced by their conflict study were found in the acid-secreting glandular body of the stomach. Why some conflict-induced ulcers should occur in the rumen and others in the body is not known. Assuming that conflict situations in the present study did produce ulcers, it was interesting to observe whether these ulcers occurred in the rumen or body of the stomach.
METHOD Animals
The subjects were 304 male Long-Evans rats,* which weighed 275-300 g before the experiment.
Apparatus
One apparatus unit consisted of three Grason-Stadler (Model E3125A) operant-conditioning chambers with automatic programming and recording equipment. One chamber, the experimental chamber, was equipped with a standard lever (manipulandum) and an externally mounted food hopper (R. Gerbrands Model G7020) into which a 37-mg P. J. Noyes food pellet was delivered. A small clear plastic door was suspended at the front of the food hopper. In order to get the food pellet, the rat had to push the plastic door open (Fig 1C) . A small light-pressure Aero switch was mounted behind the door and was activated whenever the door opened. The two other chambers-the shock-food yoke chamber and the food yoke chamber, respectivelywere similar to the experimental chamber except that the levers had been removed. In this experiment, two apparatus units were used, each consisting of an experimental chamber and two yoke chambers. Each unit was isolated in a sound-attenuated enclosure.
Procedure
Animals were placed into quartets according to body weight. Animals within each quartet were randomly assigned to 1 of 4 groups. These groups were: experimental, shock-food yoke control, food yoke control, and normal shock is presented while animal is eating food pellet.
home cage control. The body weight of experimental and 2 yoke control animals was reduced to 80% of their ad libitum body weight. Animals in the experimental group received a I-hour daily training session for 7 days to lever press for food on a VR 10 schedule. Yoke control animals were placed in their appropriate chambers, while the experimental member of the quartet was training. Therefore, all experimental and yoke control animals within a quartet received the same number of food pellets. After the training period, all experimental animals were exposed to three 22-hour operant conflict sessions during which a VI 2-minute reinforcement schedule was in effect. Each 22-hour operant conflict session was preceded by a 26-hour rest period in home cages. Before conflict sessions were started, quartets were assigned to one of the following treatment conditions.
Lever shock (L-S).
Experimental animals in the lever-shock conflict condition were reinforced for lever pressing by a VI 2-minute food schedule and an independent VI 4-minute scrambled grid shock (1.0 seconds, 0.5 ma) schedule. With a stable lever-response rate, the operant was food-reinforced, on the average, every 2 minutes, and concurrently shock-reinforced on the average every 4 minutes. Fourteen quartets (N = 56) were exposed to this condition.
Food delivery shock (FD-S).
In this condition, grid shock was presented simultaneously with food delivery. Therefore, whenever a lever-press was reinforced with food, shock was also presented. Shock was not presented with every food reinforcement, but only 50% of the time and in a random fashion. Thirty experimental animals and their matched controls (N = 120) were exposed to this condition.
Hopper shock (H-S).
Experimental rats in this condition received shock 50% of the time when the rat pushed its head through the door of the food hopper to collect the food-pellet reward. Sixteen experimental animals and controls (N = 64) were exposed to this treatment.
Eating shock (E-S).
Experimental animals in this condition were shocked 50% of the time while eating the food-pellet reward. This was accomplished by delaying shock-onset 3 seconds after the rat had opened the foodhopper door. The assumption was made that the rat would be eating, or just finished eating, 3 seconds after opening the door and collecting the food pellet. This assumption was based on data obtained from an extensive pilot study in which time measurements were obtained to determine how long it look the rat to open the food-hopper door and eat the food pellet. In this pilot study, the time interval was started by the switch closure on the hopper door and was manually terminated with a hand switch when the rat stopped eating (ie, mastication ceased and the rat initiated other responses such as washing, lever-pressing, walking, etc). A mean time interval of 3.86 seconds was obtained. Since the object was to make shock as contiguous as possible with the consummatory response, a 3-second delay interval between the door opening and shock onset was selected for this study. This treatment condition was visually monitored, on an intermittent basis, to assure that the experimental rat was actually eating when shock occurred. After each daily session, the waste pans beneath all the chambers were inspected for food pellets. Very few pellets were found in any of the chamber pans, and it was safe to assume that the pellets which were delivered were subsequently consumed. This treatment condition used 16 experimental rats with their appropriate controls (N = 64).
Since all animals were run as quartets, the matched yoke controls were placed in their appropriate chambers during conflict days. The shock-food yoke received food and/or shock whenever its experimental mate received food and/or shock. The food yoke received food whenever the experimental rats received food. The home-cage control member of a quartet remained in a single cage in the rat colony room for the duration of the experiment, and had continuous access to food. All animals had continuous access to water. Body weight measures were obtained daily from all animals. After the third 22-hour conflict session, all animals in a quartet were killed. Stomachs were removed. These were cut along the greater curvature, spread out and pinned on a board, and inspected macroscopically for ulcers. Color photographs were taken for independent assessment at a later date.
RESULTS
Mean percent changes in body weight for the training and conflict periods are illustrated in Fig 2. The differences in body weight among the 4 groups within each treatment condition were analyzed, using a multifactor analysis-ofvariance design for repeated measures (9). Group differences in body weight were significant (P<.0\) for all four treatment conditions. It is obvious in Fig 2 that the major differences existed between the normal home-cage group compared to the experimental and the 2 yoke control groups. Subsequent analysis of body weight data for the experimental group and the 2 yoke control groups failed to reveal any significant differences among these three groups. This was true for all Four treatment conditions.
In each group, the percentage of animals with ulcers is shown in animals in all treatment conditions, except the L-S condition, showed a higher percentage of ulcers as compared to home-cage and yoke control rats. A comparison of ulcer frequency (Table 1) for experimental and yoke control rats indicated a significant difference only for the E-S treatment. When ulcer frequency for the 4 experimental groups was analyzed, the results (chi square = 9.36, df = 3; P<0.05) suggested that the four conflict treatments had a significant differential effect. The E-S treatment produced the highest ulcer frequency among experimental animals, followed by the H-S, FD-S and L-S treatments, respectively. Figure 4 is a photograph of a quartet from the E-S treatment condition'. The photograph illustrates that the ulcers observed were almost exclusively relegated to the rumen of the stomach. Ulcers in the body of the stomach did not occur frequently. Of 69 rats with stomach ulcers, only 7 manifested ulcers in the body. These were almost equally distributed among the experimental rats and yoke control rats (2 experimental rats and glandular ulcers; 3 shock-food yoke rats had glandular ulcers; 2 food yoke rats had glandular ulcers), thus failing to show any pattern for ulcer location and treatment condition.
Since restriction of consummatory activity is related to development of stress-induced ulcers (4, 10-14), the argument could be advanced that the greater incidence of ulcers manifested by E-S experimental rats was due to significantly fewer food-pellet rewards. Data from Table 2 , however, do not support that argument, since the E-S rats obtained significantly greater numbers of food-pellet rewards as compared to H-S and FD-S animals. *Chi square test for ulcer frequency within each: treatment condition excluded the home-cage control group because of the zero frequency in the no ulcer category for these groups. iP<0.05.
DISCUSSION
When shock was contiguous with the eating event (eg, E-S treatment), the incidence of ulcer was high, but when the occurrence of shock and the feeding event were random, ulcer incidence was low. These data would support the original hypothesis that the magnitude of gastrointestinal lesions resulting from exposure to conflict would be directly related to the proximity between the time when the noxious event occurred and the onset of the consummatory response.
The majority of ulcers observed were confined almost exclusively to the upper nonglandular rumen of the stomach. Moot, Cebulla and Crabtree (1) suggest that rumenal ulcers in experimental animals occur when these animals are subjected to extensive food deprivation in combination with shock stimulation; on the other hand, glandular ulcers in the body of the stomach result from intense shock stimulation (2.5 ma or more). Results of this study corroborate this conception since experimental rats were placed on a deprivation schedule and gridshock intensity was relatively mild (0.5 ma). However, the restraint-inducing ulcer technic (15-20) typically involves a 24-hour deprivation period preceding the restraining period, and ulcers reported as a result of this procedure are invariably found in the body of the stomach. The parameters involved in the development of ulcers in the rumen or body are unclear and require further investigation.
Data from Table 2 illustrated that the high incidence of ulcer in E-S experimental rats could not be completely attributed to reduced food intake since these rats actually received more food-pellet rewards. However, since all treatments were programmed to deliver half as many shock events for all feeding events, E-S rats also received more shocks than rats in the other treatment conditions. The high incidence of ulcer for the E-S experimental rats could be attributed to the greater shock stress received by these animals. Were this argument valid, the shock-food yoke rats for the E-S treatment should have demonstrated the same frequency of ulcers as the experimental animals. However, these animals did! not differ in the incidence of ulcer from the shock-food yoke rats in the other treatment conditions.
The fact that shock-food yoke rats, in all treatment conditions, did develop ulcers, albeit a low percentage (25% for all shock-food yoke rats), suggests that a program of noncontingent random shock and food presentations has some ulcerogenic properties. These results would agree with previous reports (21, 22) that unpredictable shock is related to somatic stress reactions and may represent a useful technic for investigating stress-ulcer relationships. Of similar interest is the incidence of ulcers in yoke rats which did not receive shock. Twenty percent of all food-yoke animals demonstrated stomach ulcers. Although this represented a low ulceration incidence, it did suggest that food deprivation had some etiologic significance. The influence of food deprivation on ulcer etiology in the rat should always be considered when conflict technics are used which pit food against shock.
In spite of this cautionary note regarding contributions which food deprivation and random shock make to ulcer etiology, the present experiment does demonstrate that psychologic factors, in the form of particular shockfeeding sequences, significantly influence the development of experimental stomach ulcers in the rat. The simple application of random shock stress is probably not an efficient ulcerogenic technic, but application of shock within a conflict situation, and especially as it is presented closer to the consummatory event, is instrumental in forming stomach ulcers in the rat.
SUMMARY
All experiments using a conflict paradigm (ie, shock-avoidance and approach-to-food reward) have not been successful in producing stomach lesions in the rat. These discrepant findings are attributable to differences in experimental procedures, especially regarding the temporal relationship between the presentation of noxious and positive stimuli. This experiment investigated the hypothesis that frequency of stomach lesions would be directly related to the proximity between the time when grid shock was presented and the onset of the consummatory response. Using a foodreinforced operant lever-pressing situation, four treatment conditions were established. Shock was presented either randomly on a VF 4-minute schedule after a bar press response, or simultaneously with food-reward delivery, or after the food-collecting response, or while the animal was eating the food pellet. After three 22-hour conflict periods, animals were autopsied. Animals which were shocked while eating the food pellet demonstrated the highest incidence of ulcers. Where shock had no close temporal relationship to the consummatory response, the incidence of ulcer was very low. These data suggest that psychologic variables, such as a particular shock-feeding sequence in a conflict situation, influence ulcer development as compared to control conditions. 
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